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Executive Summary

The Code Compliance Enhancement Initiative (CCEI) is an effort

sponsored by National Grid Rhode Island to improve code compliance

among residential and commercial new construction projects. NMR

conducted a three-p ar t evaluati on of the CCEI 6s
compliance, including (1) immediate surveys of CCEIl training

attendees, (2) follow-up interviews with CCEI trainees to see how training affected their

work, and (3) a baseline study of 40 non-program homes to assess residential new

construction (RNC) building practices. This report describes the results of the baseline

study. The baseline study itself had two primary goals: to assess the code compliance of

new homes built under the 2012 International Energy Conservation Code (IECC) cycle, and

to update the User Defined Reference Home (UDRH)
Construction (RNC) program, the market baseline against which the program calculates

savings. This evaluation describes the inspected homes and assesses their compliance

wi t h code; t he UDRH resul ts and t he anal yses o 1
presented in separate reports.

The Rhode Island RNC program complements the CCEIl program and provides financial
incentives to builders to encourage efficient construction practices. The RNC program
calculates energy savings by comparing the consumption of program homes to a
hypothetical typical home. Periodic baseline studies such as this one inform the program
administrators about how typical new homes are constructed. This allows the program to
claim savings against true market conditions, rather than against assumptions about builder
practices.

This study included site visits in 2017 to 40 new, non-program homes (19 spec- and 21
custom-built) across 27 Rhode Island cities and towns. On-site inspections focused on key
energy-related aspects of the homes, including the thermal envelope, mechanical systems,
lighting, appliances, and air infiltration. Home Energy Rating System (HERS) ratings were
performed for all of the visited homes." Sites were also compared against the requirements
of the 2012 IECC in multiple ways i at the measure level, using the PNNL checklist
approach, and using the MA-REC methodology.

FINDINGS

This section offers a high-level summary of the findings presented in the body of the report.

'The HERS index is a nationall y recogni z edfficieneytisi ng system t hr
measured. The index scores range from below zero to well above 100. A standard new home built at the time

the index was created would have a rating of 100. A home with a score of 70 would be 30% more energy-

efficient than home with a score of 100, while a home with a score of 130 would be 30% less energy-efficient.
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Comparison to Program Homes

Program homes perform better overall than non-program homes.

Prof’ram homes HERS Index Scores
performed  better {Lower = More Efficient)
than non-program

homes on nearly All pairs within gray segments have statistically
significant differences at 90% confidence.

all analyzed
measures 1 with
statistically
significant

differences for
most

comparisons ? i
such as ceiling
insulation, heating

system AFUE, air MonProgram Mon-Program Program  Program Spec Al Mon- All Program
Custom Spec Custom (n=135} Program (n=171}

leakage, duct (n=21) (n=19) (n=36) (n=40)

leakage to the

outside, and efficient lighting. However, program and non-program homes are not
significantly different in terms of a few key measures, such as wall insulation, cooling
system SEER, and total duct leakage. In fact, water heaters in non-program homes are
significantly more efficient than water heaters in program homes.

Program homes far outperform non-program homes in terms of duct leakage to the outside:
4.7 CFM25/100 sq. ft. of conditioned floor area (CFA) vs. 8.8° (lower values indicate less
leakage), and slightly outperform in total duct leakage (18.3 vs. 20.6).” Both groups of
homes fare poorly on average against the Rhode Island 2012 IECC requirement, which
requires total duct leakage to be no more than 8 CFM25/100 sq. ft. of CFA.

Importantly, program homes fare far better in terms of overall efficiency based on HERS
Index scores. Program homes have an average HERS Index score of 62, significantly
better (lower) than the average score for non-program homes of nearly 73. Based on HERS
Index scores, custom homes also outperform spec homes in both program and non-
program samples; in fact, the average HERS Index score of non-program custom homes
essentially matches the overall program average.®

2 At the 90% confidence level.

8 Significantly different.

* Not a significant difference.

® Custom homes are on average about 1,000 sq. ft. larger than spec homes in the non-program sample and

about 700 sq. ft. larger in the program sample (both are statistically significant differences), and the HERS

index historically favors larger homes over smaller ones. Larger homes tend to consume more energy than

smal | ones; therefore, |l arge homes have greater savings oppo
same (large) size. The ENERGY STAR Homes program uses a size adjustment factor to penalize large homes:

NMR ”
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Table 1 compares average non-program and program values for key measures. Most of the
comparisons show statistically significant differences at the 90% confidence level. Green-
shaded cells indicate the better performing sample, on average, for that measure. Dark red
text indicates significant differences at the 90% confidence level.

Table 1: Comparisons between Non -Program and Program Homes

Non-program Homes Program Homes
(Weighted) (Unweighted)
Exterior wall: 19.9 20.4
Average R-value (n=40) (n=171)
Exterior wall: 0.064 0.062
Average U-value (n=40) (n=171)
Flat ceiling® 33.4* 38.6*
Average R-value (n=32) (n=141)
Flat ceiling®: 0.054* 0.032*
Average U-value (n=32) (n=141)
Vaulted ceiling: 29.4* 37.7*
Average R-value (n=22) (n=101)
Vaulted ceiling: 0.062* 0.030*
Average U-value (n=22) (n=101)
Frame floor over basement: 20.6* 29.6*
Average R-value (n=22) (n=118)
Frame floor over basement: 0.131* 0.041*
Average U-value (n=22) (n=118)
Conditioned foundation wall: 7.9* 18.4*
Average R-value (n=12) (n=18)
Unconditioned foundation wall: 0.8 0.3
Average R-value (n=22) (n=117)
Attic duct supply: 7.3* 8.0*
Average R-value (n=20) (n=76)
All other ducts: 6.3 6.5
Average R-value (n=29) (n=117)
Duct leakage to outside: 8.77* 4.65*
Average CFM25/100 sq. ft. CFA (n=36) (n=128)
Total duct leakage: 20.6 18.3
Average CFM25/100 sg. ft. CFA (n=37) (n=128)
Air infiltration: 5.24* 4.14*
Average ACH50 (n=39) (n=171)
Fossil-fuel Heating System AFUE 92.5* 94.7*
(systems with AFUE ratings) (n=39) (n=164)
Cooling System SEER 141 14.2
(systems with SEER ratings) (n=52) (n=115)
Water Heater EF 1.30* 1.08*
(systems with EF ratings) (n=43) (n=171)
- . 66%* 83%*
Per-home efficient lamp saturation (n=40) (n=171)

* Significantly different at the 90% confidence interval.
! Conditioned to ambient walls only.

https://www.energystar.gov/ia/partners/bldrs_lenders _raters/downloads/ES HERS Index Target Procedure v
3.1.pdf.
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?Includes hatch area.

Comparison to Previous 2011 Rhode Island Baseline

Non-program homes have improved since the previous baseline.

Since the 2011 Rhode Island baseline study, non-program homes have improved for most
key measures associated with home efficiency. Duct
HERS Index Scores: y g N . y
Non-program leakage and efficient lighting saw particularly notable
(Lower = More Efficient) improvements,  while shell measures saw limited
improvement.

HERS Index Scores. The 2017 non-program homes have
an average HERS Index score of 73, which is much better
than the 2011 average of 85.

Envelope. Average per-home R-values for most key shell

85 measures improved since 2011. Walls and floors both
improved from R-18 to R-20. Flat ceilings improved slightly
from R-35 to R-36. Vaulted ceilings saw a slightly negative
change, from R-33 to R-29 (R-32 if an outlier is excluded).

RI 2011 RI 2017 Duct Leakage and Air Infiltration. Duct leakage to the
(n=40) (n=40) outside improved a great deal i by 57% i from 20

CFM25/100 sq. ft. of CFA to 8.6. Air leakage improved by
12%, from 6.0 ACH50 to 5.3. Bot h i mprovements occurred
amendments to the 2012 IECC remove specific air infiltration requirements from the code
and relax total duct leakage requirements.® However, total duct leakage, at 20.6
CFM25/100 sq. ft., is far higher (worse) than the Rhode Island 2012 IECC requirement of 8
or less. Only 10% of non-program homes meet that code requirement.

Heating. Fifteen percent of homes were heated with oil in 2011, but only six percent use oil
for heating in 2017. Propane and electricity have increased in prevalence to compensate. In
2011, furnaces and boilers were both common (45% and 51%’ of homes, respectively).
Between 2011 and 2017, furnaces have surged in market share: 70% of homes heat® with

® The standard version of the 2012 IECC requires total duct leakage of no more than 4 CFM25 per 100 square
feet of conditioned floor area; the Rhode Island amendments allow twice as much total duct leakage: up to 8
CFM25/100 sq. ft. of CFA. However, there is no specific requirement for duct leakage to the outside. The 2009
IECC in Rhode Island allowed compliance with duct leakage either by limiting leakage to the outside to 8
CFM25 or total leakage to 12 CFM25 or less. The standard 2012 IECC also allows air infiltration of ho more
than 3 ACH50; the Rhode Island amendments do not have an ACH50 requirement, and only require blower
door testing.

" Including combi appliances.

8 This refers to the primary (largest capacity) heating system type in the home.
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furnaces vs. only 23% with boilers.’ The AFUE of fossil-fuel fired equipment improved since
2011, from 90.9 AFUE to 92.1.

Cooling. The efficiency of central air conditioning (CAC) systems has increased slightly
since the 2011 study (13.2 SEER to 13.7 SEER). CAC is also more common than it was in
the 2011 study (83% of homes vs. 64%).

Water heaters. For water heater types present in both samples, the average efficiency of
each type increased since 2011. There was more system diversity in 2017: heat pumps,
combi appliances,'® and commercial tanks were not present in 2011. Conventional electric
storage tanks became the most common system (32%) in 2017, up from 15%. Heat pump
water heaters were in second place (18%). Fossil fuel-fired indirect systems, instantaneous
systems, and storage tanks used to make up three-fourths of water heaters in 2011, but in
2017 they were down to 42%.

Lighting. Seventy-seven percent of 2017 homes use high-efficiency bulbs in at least 50%
of permanent sockets, a huge increase over the 8% of homes in 2011. Overall efficient bulb
saturation is up to 58% of all sockets in Rhode Island, based on sampled home results.

Code Compliance

The PNNL compliance assessment estimates non-program code compliance at

63%, and the MA-REC methodology estimates 80%.

This study assessed code compliance for the 40 non-program homes via two methods: (1)
using the Pacific Northwest National Laboratory (PNNL) code compliance checklist
approach, and (2) the MA-REC approach that uses energy modeling results to estimate
code compliance.'

PNNL approach. The PNNL 2012 IECC checklist allows homes to be scored for their code
compliance using a point system, with different items given different relative weights (based
on their impact on energy efficiency).

On average, the non-program baseline homes achieved compliance scores (based on the
percentage of achievable points they attained on the PNNL checklists) of 63% (weighted,
and 67% unweighted) i a 100% score would represent compliance with every observable
and applicable measure on the PNNL checklist. Non-program custom homes have
significantly higher average compliance scores than spec homes, 74% vs. 59%. At a
measure level, baseline homes fare worst with ceilings, achieving only 39% of the available

o Including combi appliances.

YFCcombi applianceso are boilers used to provide space

s%/stem boilers often resemble instantaneous water heaters.

! Program Administrators requested that code comparisons be made to unamended 2012 IECC prescriptive
requirements, which may understate compliance rates in Rhode Island where prescriptive code requirements
are relaxed for several measures.
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compliance points for ceiling insulation. Homes achieve at least 60% compliance, on
average, for most other measures.

By estimating that program homes would have achieved PNNL checklist compliance scores
between 90% and 100%, the average overall statewide compliance score i including
program and non-program homes i is estimated to fall between 69 and 71%.

MA-REC Approach. The MA-REC approach uses energy modeling to develop a scoring
system that is more calibrated to estimated energy consumption than the PNNL approach
is. Unlike the PNNL approach, the MA-REC approach focuses only on code requirements
that directly impact energy consumption. This methodology uses REM/Rate models to
compare homes to IECC prescriptive requirements.

Using the MA-REC approach, we found that non-program compliance with the 2012 IECC
(with Rhode Island-specific amendments) is 80%, on average. Custom homes (87%)
display higher compliance rates than spec homes (78%), although the difference is not
significantly different. At the measure level, ceiling insulation displays the lowest average
compliance percentage, at 55%.

Program homes have a significantly higher average compliance rate (93%) than non-
program homes. Statewide, accounting for both program homes and non-program homes,
the compliance rate is 83%.*

Conclusions and Recommendations

Some of the following conclusions and recommendations are directly connected to the
research questions guiding this evaluati on, but
conducting the on-site visits.

Code Compliance. Statewide compliance in Rhode Island is relatively high (83%) using
the MA-REC methodology. Among non-program homes, ceiling insulation displays the
lowest measure-level compliance using both the MA-REC (55%) and PNNL (39%)
compliance methodologies.

Recommendation. The CCEI should focus future training efforts on measures
displaying the lowest compliance amongst non-program homes. These include
ceiling insulation, frame floor insulation, and duct leakage.

Air Leakage and Duct Leakage. Rhode Island adopted amendments to the 2012 IECC
that resulted in less stringent air and duct leakage requirements relative to the base version
of the 2012 IECC. Even so, non-program homes in Rhode Island improved considerably
since the previous baseline study, particularly for duct leakage to the outside. Program
homes in Rhode Island outperform non-program homes in terms of duct leakage to the
outside and total duct leakage. However, total duct leakage is not a significant difference,
and on average, even program homes perform well below the total duct leakage

!2 The statewide compliance rate was calculated using an estimated program penetration rate of 21%.

NIVIR

VI

Group, Inc.



RI RNC BASELINE REPO RT-FINAL

requirements of the amended 2012 IECC (18 CFM25/100 sq. ft. of CFA against the code
requirement of no more than 8).

Recommendation. The Rhode Island program should continue to promote efficient
air infiltration and duct sealing practices in program homes. The program should pay
particular attention to improving duct leakage results, which have not kept pace with
Rhode Islands amended version of the 2012 IECC. The relatively poor performance
of non-program homes i likely due, at least in part, to relaxed code requirements
relative to the base version of the 2012 IECC i represents a continued savings
opportunity.

Overall program effectiveness. Program homes outperform non-program homes, and for
both program and non-program homes, custom homes outperform spec homes.

Recommendation. The program should continue its successful promotion of
efficient new homes. In addition, the program should focus on working with program
builders of spec homes to increase their efficiency, as these homes lag the custom
homes by nearly 10 points on the HERS Index, on average.™

REM/Rate Version. This study relied on REM/Rate Version 14 for modeling (the
appropriate version for homes built during this period). Version 15 has since been released,
and it offers homes the ability to take credit for savings associated with efficient domestic
hot water distribution configurations, and for using drain water heat recovery systems.

Recommendation. The RNC program should promote these practices among
program homes to further drive savings for efficient practices unlikely to be seen in
the broader market.

Mechanical Ventilation Requirements. Overall, 93% of program homes had mechanical
ventilation installed. Eighty percent of program homes trigger the 2012 IECC requirement
that well-sealed homes (less than 5 ACH50) have mechanical ventilation installed, and 95%
of these homes did, in fact, have mechanical ventilation installed. This is in contrast to non-
program homes, where 43% of homes trigger the mechanical ventilation requirement, but
only 6% of those have the required ventilation installed.

Recommendation. The program should continue to support the proper use of
mechanical ventilation in new homes to avoid moisture and air quality issues, while
also continuing to utilize a UDRH that does not penalize program homes for the
additional energy consumption associated with the presence of ventilation
equipment.

'3 The degree to which the size difference could drive the difference in HERS scores, given the larger average
size of custom homes, should be considered when further exploring this recommendation.
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Section 1 Introduction and
Methodology

This baseline study was commissioned by National Grid as part of a
broader study to estimate the savings due to enhanced code
compliance that may be attributedtoNat i onal Gri doés
Enhancement Initiative (CCEI) in Rhode Island. The overall attribution
study included three main evaluation activities: immediate surveys of CCEI training
attendees, follow-up in-depth interviews with CCEI training attendees to see how training
affected their work, and a residential baseline study to document the energy-efficiency of
Rhode Island homes built toward the end of the 2012 International Energy Conservation
Code (IECC) cycle.

The results of this baseline study were also used to update the User Defined Reference
Home ( UDRH), against which the National
program claims savings. This report only presents the findings from the baseline study. The
results of the other pieces of the attribution work, including the UDRH results, are presented
in separate reports.

The attribution of savings to the CCEl efforts involved looking at the change in non-program
building practices over time to determine if these were focus areas of CCEIl activities. This
included talking with CCEI training participants to see if they learned new information from
the trainings and if they applied what they learned to their non-program projects.

1.1 STtuDbY OBJECTIVES AND BACKGROUND

1.1.1 Program and Evaluation Backgro und

Rhode Island adopted an amended version of the 2012 IECC on July 1, 2013."* National
Grid started the Rhode Island CCEIl in 2013 to improve compliance with the new residential
and commercial requirements of the 2012 IECC by offering classroom and in-field trainings.
The CCEl offered residential and commercial training sessions for builders, subcontractors,
architects, code officials, and other relevant audiences. Examples of training topics offered
by the CCEIl regarding the 2012 IECC requirements include:

Overview of the 2012 IECC requirements
Envelope and building science

HVAC and indoor air quality

Mechanical provisions

[T T el

 The adoption of 2015 IECC in Rhode Island was delayed pending an economic impact review. This baseline
study was planned to review homes built near the end of the 2012 IECC code cycle T around three years into
the code cycle, as that typically corresponds to the duration of a code cycle. Given the delay in adopting a new
code version, the homes included in this baseline study are technically not built at the end of the 2012 IECC
code cycle, but were nonetheless built under mature code conditions, similar to what one might expect at the
end of a cycle.

15 http://www.energy.ri.gov/documents/rfp/NGRID%20Code%20Compliance%20RFP,%202.12.2013.pdf
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U Lighting, lighting control, and electrical provisions

By conducting a baseline study of homes built later in the 2012 IECC code cycle, this study
attempted to examine Rhode I sland homes that <coul
efforts. It should be noted that when analyzing code compliance results in this report,

comparisons are made to the standard 2012 IECC prescriptive requirements, not the

amended requirements adopted by Rhode Island. In some cases, the amendments

appeared to apply a mix of 2012 and 2009 IECC values to the same measure (R-values

versus U-factors), and given the ambiguity, it was decided after discussions with the

program administrators that the unamended 2012 |ECC values would be used as

comparison points.

The National Grid Rhode Island Residential New Construction (RNC) program provides
financial incentives to builders to offset some of the marginal cost of building to above-code
standards. The RNC program calculates gross savings by taking the REM/Rate energy
models of program homes and comparing them to a market baseline.*® By conducting
periodic baseline studies, RNC program administrators can better understand the
residential new construction marketd shange over time, and ensure that they are claiming
savings for program homes against a baseline that describes real-world market conditions.
The results of this baseline study were used to create a User Defined Reference Home
(UDRH) to reflect typical non-program practices, against which the RNC program can
compare its program homes. The UDRH details are presented in a separate report.

This report also serves to compare the results of the homes sampled in this 2017 baseline
study to the homes sampled in the 2011 residential baseline (the previous residential new
construction baseline done in Rhode Island), which covered homes constructed under the
2009 IECC." This allows for program administrators to see changes in building practices
over time.

1.1.2 Research Questions
The residential baseline study sought to answer the following questions:

i What is the energy code compliance level for single-family homes built toward the
end of the 2012 IECC cycle?

U What building components are more efficient than prescriptive energy code levels?
What components are less efficient than prescriptive code levels?

U  What is the User Defined Reference Home (UDRH) for homes built in this period?

U0 How does compliance vary across compliance path types?

0 How have compliance levels changed over time?

'® REM/Rate is a residential energy modeling software that estimates energy consumption of homes based on
the features included in the energy model. The models include information about the building shell, mechanical
systems, lighting and appliances, and other energy-related features. REM/Rate is a RESNET approved
software used to calculate and generate HERS Index scores.

e http://www.rieermc.ri.gov/documents/evaluationstudies/2012/Final-RI-RNC-2011-Baseline-Report-sent-10-8-

12.pdf
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U What ar e t he characteristics o ihsulatiom,ne@r s 0

leakage, duct leakage)?

t herm

U What are the efficiency-r el at ed char act eatimgscoaling,sandeviter h o me s 6 h

heating equipment?

U What ar e t he char act er i s trelated featufes, buohnes s 6

lighting and appliances?

1.1.3 Research Tasks

To help answer the research questions identified above, the baseline study included the
following tasks:

Conduct on-site inspections at 40 non-program single-family homes.

Estimate a real-world baseline using on-site findings.

Produce Home Energy Rating System (HERS) scores for all 40 sites.

Develop a new UDRH for the RNC program based on non-program measure-level
efficiencies. (UDRH findings are presented in a separate report.)

Compare findings with the previous UDRH and previous studies.

U Compare non-program home efficiencies to program home efficiencies.

[ e e

1.2 SAMPLING

The following subsection describes the methodology behind the baseline study, including
sampling, recruitment, and inspection processes. For additional detail, see Appendix D.

1.2.1 Sampling Methodology

The sample design targeted a representative sample of newly constructed, attached and
detached single-family homes in National Grid territory. The sample looked at homes
permitted after the adoption of the 2012 IECC and focused on those built later in the 2012
IECC code cycle. To be eligible for the baseline study, homes needed to meet the following
criteria:

U Non-participant in the Rhode Island Residential New Construction program
U Built in the second half of 2014 or later (2015 and 2016), to ensure construction did
not occur in the beginning of the 2012 IECC code cycle
0 Homes built in 2013 and early 2014 were excluded from the study because
the CCEI trainings would have been less likely to have a measurable

market-l evel i mpact so early in the ro
U No more than one home per housing development to avoid nearly identical homes
in the sample

U Occupied by homeowner; not for sale or owned by the builder
o This avoids biasing the sample toward efficiency-minded builders and
increases the response rate (unoccupied homes result in returned
recruitment mailers).
U Located in National Grid Rhode Island service territory

NIVIR
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1.2.2 Sample Targets

The on-site sample was designed to mirror the proportion of homes built in each Rhode
Island county in 2014 and 2015 based on one-unit building permits issued in Rhode Island
counties in 2014 and 2015. A 40-home sample was developed to reach the 90%
confidence level with a 10% sampling error.

In addition to the specified number of on-site inspections by county, the study aimed to
maintain at least a 60% spec-built home ratio, in line with the 2011 baseline study. An initial
screening question during homeowner recruitment was used to determine if the home was
spec- or custom-built:

How did you purchase your home?

1. Purchased land and worked with an architect and/or builder to build the home.

(Custom)

2. Had a house plan and a lot and hired a contractor/builder to build the home.
(Custom)

3. | am the owner and builder. (Custom)

4. Purchased a lot from a builder, selected one of several house plans offered by

the builder and selected from various available upgrade options. (Spec)

5. Purchased a home that was under construction and selected from various
available upgrade options. (Spec)

6. Purchased a finished home. (Spec)

1.3 COMPLETED ON-SITE INSPECTIONS

National Grid provided address information for nearly 1,500 new electric service requests
submitted in their territory to provide the population of homes for the study. These records
were screened to remove ineligible sites. Due to low response rates from initial mailings,
these records were supplemented via online research of real estate aggregator websites to
find additional homes that were not included in the new service request records. Ultimately,
660 recruitment letters were mailed to a total of 417 potential participant homes.

Completed on-site inspections came close to matching the sampling plan targets show in
Table 2. Kent County had one fewer site visit than targeted due to limited sample and non-
response. In addition, we targeted a minimum of 60% spec-built homes in the sample, but
experienced low response from homeowners of spec-built homes: 47.5% of the visited
homes were spec-built.

NIVIR 4
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Table 2: Targeted and Completed Visits by County

argeted ompletea O e

y O £ pe O Olad
Total 40 19 21 40
Providence 15o0r 16 12 4 16
Washington 10or11 2 9 11

Newport 6 -- 6 6

Kent 6 3 2 5

Bristol 2 2 -- 2

*Due to rounding, Providence and Washington were given flexible targets.
The county-level proportionality was based on the U.S. Census, Building Permits Survey:
https://www2.census.gov/econ/bps/

The inspections took place in 27 towns across the state of Rhode Island. Seventeen towns
had one inspection each, eight towns had two inspections, one town had three inspections,
and one town had four inspections. The location of each on-site and the custom/spec
classification is shown in Figure 1.

Figure 1: Statewide Map of On-site inspections

Washington
Homes
© Custom
® Spec
CcT
MA (Block Island)

Group, Inc.


https://www2.census.gov/econ/bps/

RI RNC BASELINE REPORT -FINAL

1.3.1 Building Department Visits

Building department visits were conducted to collect information about the energy code
compliance paths followed for eligible homes. Twenty-seven building departments were
visited in person. If an on-site visit was conducted in a town that was not visited, that

buil ding department was ¢ ondoaptigneegatht o det er mi

1.4 ON-SITE DATA COLLECTION PROCEDURES

This section outlines key aspects of the data collection process during on-site inspections.

Data were collected on-site using tablet computers and an electronic data collection form.
Additional calculations and research on measures (e.g., calculating interior volume or
looking up HVAC system efficiency) were performed as soon as possible after the site visit.
An example of a data input screen can be found in Table 3. Data were collected on the
following measures; additional detail on the data collection process can be found in
Appendix D.
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Table 3: Data Collection Inputs

General Info Code Provisions Shell Measures

U House type i Envelope 0 Walls
U Conditioned Floor Area i Heating and cooling i Ceiling

(CFA) U Water heating U Frame floors
i Conditioned Volume i Duct and pipe i Rim/band joists

(Cv) insulation U  Windows, doors, and
0 Stories i Ventilation skylights
U Bedrooms U Pools i Slab floors
U Thermostat type i Foundation walls
U Faucet/shower flow 0 Mass walls

rates 0 Sunspaces
U Basement details
U Health and safety issues

U  Home automation
systems

Mechanical Equipment Diagnostic Tests Lighting & Appliances

i Heating and cooling i Blower door i Lighting
equipment i Duct blaster o0 Fixture type, location, and
i Water heating o Total leakage control
equipment 0 Leakage to outside i Appliances
U Duct insulation (LTO) o Refrigerators and freezers
U Renewables o Dishwashers
o Washers and dryers
o Ovens and ranges
o Dehumidifiers

1.5 STATISTICAL SIGNIFICANCE, WEIGHTING, AND TABLE FORMAT

Tables in this report identify statistically significant differences at the 90% confidence level
(p-value < 0.10). In most instances, comparisons were made between custom homes and
spec homes. Values with statistically significant differences are bolded, red, and marked
with an asterisk and footnote (Table 4).

Values in ACustomd and ASpecod columns are unwei gl
columns were weighted. I f the AAII Homes o col umn
ten, then values in the column were not wei ght ed. The weights wused for

values were based on whether the homes were custom homes or spec homes, and they
were set to match the custom and spec distribution in the relevant program home
population.
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Table 4: Examp le of Table Format Showing Percentages

n (count of relevant unit of analysis)

count

count

Characteristic 1

%*

%*

Characteristic 2

%

%

*Significantly different at the 90% confidence level.

In columns with sample sizes smaller than ten that show percentages, the table displays
the counts along with the percentage. In addition, only groups with sample sizes of at least

ten were tested for significant di fferences. Da
weighted if the total sample size was less than ten (Table 5).
Table 5: Example of Table Format Showing Percentages, without Signifi cance
Testing
A ome
O PpE
10 <10
n (count of relevant unit of analysis) <10 <10 <10
Characteristic 1 # (%) # (%) # (%)
Characteristic 2 # (%) # (%) # (%)
Not tested for statistical significance.

For tables displaying descriptive statistics for a given measure, such as a minimum,
maxi mum, mean (identified as fAaverageo), and medi

for statistical significance (Table 6).

Table 6: Example of Table Format Showing Descriptive Statistics

A O a
O pe
[0 ed
n (count of relevant unit of analysis) count count count

Minimum # # #

Maximum # # #

Average #* #* #

Median # # #

*Significantly significant difference at the 90% confidence level.

In this report, graphics show the distribution of key values, such as average R-values or
average efficiencies. Figure 2 is an example, showing the distribution of HERS Index
scores among sampled homes. In these figures, values associated with custom homes are
pale green, and spec home values are dark green. The gray-shaded bands represent the
middle 50% of values i the interquartile range. The pale gray upper band represents the
guartile above the median, and the dark gray lower band represents the quartile below the
median. The median value is between the two bands. If the values for a given measure are
relatively close together, like in the example below, the quartile ranges will be relatively
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small and the bands will be narrow. If the values are spread widely, the bands will be wider.
Narrower quartile ranges indicate a clustering of values.

Figure 2: Example Figure - HERS Index Scores
901
° L 1)

80 o 0000
70 000® 00000

HERS Score
[4)]
o

Custom, n=21 @ Spec, n=19

Figure 3 shows a similar graphic, but, because fewer values cluster around the median, the
guartile bands are wider. Some graphics, such as this one, also show the non-amended
2012 IECC prescriptive requirement as a reference point (these tend to fall close to the
median value).

Figure 3: Example Figure - Foundation Wall Insulation

6012 IECC requirement = 19

Average R-value
= = NN W W
o o0 O O O O O O,

Custom, n=9 @ Spec, n=4
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Section 2 Comparison to Previous
Baseline Studies

This section compares the 2017 Rhode Island baseline results (homes
built later in the 2012 IECC cycle) to the previous Rhode Island RNC
baseline study conducted in 2011 (2009 IECC homes). This allows us
to see changes in builder practices over time.

This section also compares the 2017 Rhode Island baseline to a 2015 Massachusetts
baseline study to allow for cross-state comparisons of homes built under a similar code
version (2012 IECC). Readers should note that Rhode Island uses an amended version of
the 2012 IECC, which relaxes several code requirements for measures such as air
infiltration and duct leakage. In other words, the Massachusetts version of the 2012 IECC
has more stringent requirements for some measures than the Rhode Island version,
including for air infiltration and duct leakage i this should be considered when comparing
values between the two samples of 2012 IECC homes. When Rhode Island has different,
amended values for the 2012 IECC, we note those values in the tables below.

The comparisons include key measures of the homes, such as HERS Index scores, shell
measure R-values, air infiltration, duct leakage, lighting, and mechanical equipment. The
first subsection compares the 2011 and 2017 Rhode Island baseline studies, and the
second subsection compares the 2017 Rhode Island baseline and the 2015 Massachusetts
baseline.™®

Key findings include the following:

Rhode Island change over time: 2011 vs. 2017 baselines of non-program homes:

i The average HERS Index score of 73 for non-program Rhode Island homes is
a major improvement over the 2011 baseline average of 85.

U Since the 2011 study, the average R-value has increased at least slightly for
key shell measures (other than vaulted ceilings).

U Furnaces are far more common in 2017 than they were in 2011. They are
primary heating systems in 70% of homes in 2017 homes, up from 45% in
2011. Boilers have sharply decreased in prevalence. They were primary
systems in 48% of homes in 2011 (51% including combi appliances), but they
are down to only 17% in 2017 (23% including combi appliances).

U Fifteen percent of homes were heated with oil in 2011; this is down to only six
percent in 2017.

U The efficiency of fossil fuel-fired heating systems increased from 90.9 AFUE in
2011 to 92.1in 2017.

18 values from previous baseline studies were weighted in those reports to represent statewide populations; we
use those same weighted values for the basis of our comparisons. Because the comparisons are based on
previously reported values, the differences between the study results were not tested for statistical significance.
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The average SEER of central air conditioners has only slightly increased from
13.2 to 13.7. However, central AC is more common than it used to be, up from
64% of homes in 2011 to 83% in 2017.

The average efficiency of each water heater type has increased. There is also
more water heater diversity in the 2017 sample, including heat pump water
heaters, combi appliances, and commercial storage tanks, which were not
seen previously. Electric systems are more common than in the past i the top
two types are electric storage tanks (32%, up from 15% in 2011) and heat
pump water heaters (18%).

Duct leakage to outside improved dramatically since 2011 from 20.0
CFM25/100 sq. ft. of CFA to 8.6, a 57% improvement.

Air infiltration improved modestly from about 6 ACH50 in 2011 down to 5.3 in
2017, a 12% improvement.

Over three-quarters (77%) of 2017 homes had 50% or greater efficient bulb
saturation in permanently installed light fixtures. This is a substantial increase
over 2011, when only 8% of homes met this requirement.

Rhode Island (2017) vs. Massachusetts (2015) Baselines:

i

The average HERS Index score of 70 in the Massachusetts sample is slightly
better (lower) than the average of 73 in Rhode Island.

Average R-values for shell measures are higher in Massachusetts for all
measure types, particularly for flat ceilings (R-42 vs. R-36) and floors over
basements (R-32 vs. R-20).

Walls are quite similar (less than R-1 apart), and Rhod
ceilings would be slightly better on average if not for one home with
uninsulated ceiling area.

AFUE of fossil fuel-fired heating systems is somewhat higher in
Massachusetts (94.2 vs. 92.8), while Rhode Island has a slightly higher
average CAC SEER (13.7 vs. 13.3).

The Massachusetts sample performs substantially better in terms of duct
leakage. Average leakage to outside and total duct leakage values are 3.9
CFM25/100 sq. ft. of CFA and 9.0 in Massachusetts, respectively, compared to
8.6 and 20.6 in Rhode Island.

Massachusetts homes perform better in terms of envelope leakage: 3.6 ACH50
in Massachusetts vs. 5.2 in Rhode Island.

Efficient bulb saturation is much greater in Rhode Island i 58% of homes in
Rhode Island have 75% or greater efficient bulb saturation in permanent
fixtures compared to just 19% in Massachusetts.

NIVIR
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2.1 CoOMPARISON TO 2011 RHODE ISLAND BASELINE STUDY (2009 IECC)

2.1.1 Key Characteristics of 2011 Rhode Island Baseline Study

U0 On-sites performed at 40 non-program, single-family homes in Rhode Island,
permitted under 2009 IECC cycle
Ten homes completed in 2010 and 30 completed in 2011
26 spec homes and 14 custom homes
Homes recruited through homeowners, not builders
Sampling plan similar to 2016 Rhode Island baseline
0 Based on number of one-unit building permits issued in RI counties in 2010
(using Census data)
0 On-sites in each county proportional to permits issues in that county

[ T et

2.1.2 Comparison Results
Conditioned Floor Area (CFA)

The average CFA of non-program homes has increased only slightly since the 2011 study,
from 2,245 sq. ft. up to 2,339 sq. ft. (Table 7).

Table 7: Conditioned Floor Area (CFA)

009 0
n (homes) 40 40
Minimum 935 1,115
Maximum 5,244 6,070
Average 2,245 2,339
Median 1,974 2,108

HERS Index Scores

The average HERS Index score improved from 85 in 2011 to 73 in 2017 (Table 8). The
minimum and maximums are also quite a bit lower (better) than the 2011 sample.

Table 8: HERS Index Score s
2011 Baseline

2017 Baseline

(2009 IECC) (2012 IECC)
n (homes) 40 40
Minimum (best) 62 33
Maximum (worst) 117 100
Average 85 73
Median 85 72

Building Envelope

NIVIR 12
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Table 9 compares average R-values for key shell measures across the two Rhode Island
samples. Conditioned to ambient walls increased in average R-value from R-18.3 in 2011 to
R-19.8 in 2017, nearly to the code requirement of R-20. The average R-value of framed
floors over basements has increased slightly from R-18.3 in 2011 to R-20.0 in 2017.

The R-value of flat ceilings has improved slightly from R-34.5 to R-36.1 (or R-37.4 if we

exclude an unusual home with uninsulated ceilingsinafi DI Y0 b o n uasltedceilmga) . V
perform somewhat worse than in the 2011 sample, dropping from R-33 in 2011 to R-29 (or

to R-32 if we ignore the previously mentioned outlier with uninsulated ceiling area).

Table 9: Wall, Ceiling, and Floor R -Values

009 0

onditioned to AmDbie o atlo

n (homes) 40 40

Average R-value 18.3 19.8
Prescriptive code requirement 20 or 13+5* 20 or 13+5*

a e O allO

n (homes) 35 32

Average flat ceiling R-value 34.5 36.1 (37.4 w/outlier)

Unamended 2012 IECC: 49

Prescriptive code requirement 38 RI amendments: 38
A ed < O allo
n (homes) 19 22
Average vaulted ceiling R-value 33.0 29.4 (32.3 w/out outlier)
- . Unamended 2012 IECC: 49***
Prescriptive code requirement 38rx* RI amendments: 38
00 ation ove ONa ed Baseme
n (homes) 27 22
Average R-value 18.3 20.0
Prescriptive code requirement 30** 30**

* First value is cavity insulation, second is continuous insulation or insulated siding, so "13+5" means R-13
cavity insulation plus R-5 continuous insulation or insulated siding.

** Or insulation sufficient to fill the framing.

***Allows for up to 20% (capped at 500 sq. ft.) of ceiling to be as little as R-30.

Primary Heating Systems

Propane and natural gas are the dominant heating fuels in both samples (Table 10). The
share of oil-fueled systems drops from 15% to 6% between 2011 and 2017. The share of
furnaces among primary heating systems increases from 45% in 2011 to 70% in 2017. That
increase comes at the expense of boilers, which drop from 48% of primary equipment in
2011 7 the most common type observed in that sample ito 17% in 2017. The average
AFUE among all fossil-fuel fired systems has increased slightly in 2017, from 90.9 in 2011
to 92.1.
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Table 10: Heating System Type, Fuel, and Efficiency

2011 Baseline 2017 Baseline
(2009 IECC) (2012 IECC)

Primary Heating Fuel

Propane 35% 45%

Natural gas 45% 42%

oll 15% 6%

Electric 5% 7%

Furnace 45% 70%
Boiler 48% 17%

Combi appliance 3% 6%
GSHP 3% 5%

ASHP - 2%

Electric baseboard 3% --

Overall AFUE (all fossil fuel systems) 90.9 92.1

Cooling Equipment

The proportion of homes without a cooling system dropped from 31% to 8% (Table 11).
Central air conditioners (CACs) have grown in market share (primary CAC systems
increased from 64% to 83% of homes) while heat pumps remain relatively uncommon as
primary systems (6% of homes in 2011, and 8% in 2017). The average efficiency of CAC
systems has increased only slightly from 13.2 SEER in 2011 to 13.7 in 2017. The cooling
capacity per square foot of conditioned floor area (CFA) remains unchanged.
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Table 11: Cooling Systems

009 0
pe ot P 2 A oNnaitio 0 alled
n (homes) 40* 40
Central air conditioning 64% 83%
Window/portable -- 1%
Ductless mini split 3% --
No air conditioning 31% 8%
GSHP 3% 5%
ASHP - 3%
n (CAC systems) 40 45
Average SEER 13.2 13.7
00 g Capa DE 0 0 A
n (homes) 27 38
Btu/hr. per 100 sq. ft. CFA 20.2 20.2

*Data on percent of systems for 2011 are unweighted.

Water Heating Equipment

Table 12 compares water heaters by type and fuel between the two baseline samples. In
2011, fossil-fuel fired indirect, instantaneous, and storage systems dominated the sample
(76% all together). This was down to 42% in 2017. Electric conventional storage systems
dominated in 2017 (32%) followed by efficient heat pump systems (18%) (these were not

present in the 2011 sample).

Table 12: Water Heater Type and Fuel

009 0

n (homes) 41 43
Storage, standalone (electric) 15% 32%
Heat pump water heater (electric) -- 18%
Storage, standalone (natural gas and propane) 20% 17%
Instantaneous (natural gas and propane) 27% 16%
Indirect w/ storage tank (fossil fuel-fired) 29% 9%
Combi appliance (natural gas and propane) -- 5%
Commercial storage (electric) -- 2%

Tankless coil (propane) 10% 1%

Table 13 shows a comparison of Energy Factors for water heating equipment types that are
present in both the 2011 and 2017 samples (it excludes heat pump water heaters, combi
appliances, and commercial electric storage systems, which were only present in the most
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recent study). The average Energy Factor has improved in the 2017 sample relative to the
previous baseline for every equipment type, though sample sizes are frequently limited.

Table 13: Water Heater Energy Factors
(System Types Found in Both Studies)

2011 Baseline 2017 Baseline
(2009 IECC) (2012 IECC)

n n
(water heaters) EF (water heaters) EF
Electric storage, standalone 6 91 9 .95
Natural gas and propane instantaneous 11 .87 9 .93
Natural gas and propane storage, standalone 8 .63 5 .68
Fossil fuel indirect w/ storage tank* 12 .81 6 .84
Tankless coil** 4 .48 1 .50

*Efficiency of indirect tanks based on boiler AFUE.
**Efficiency of tankless coils is a function of home size, based on bedroom count.

Duct Leakage and Air Infiltration

Table 14 shows a comparison of duct and air leakage data from the two samples. The
average leakage to outside (the amount of duct leakage to areas outside the conditioned
volume of the home) of duct systems has improved dramatically between the two baselines,
from 20.0 CFM25 per 100 sg. ft. down to 8.6. Despite this huge improvement, the 2017

average is still just shy of the amended Rhode Island 2012 IECC code requirement of 8
CFM25/100 sq. ft. total leakage.

The improvement in air leakage is less extreme, from an ACH50 just under 6.0 to 5.3. The
Rhode Island amendments to the 2012 IECC do not dictate a specific ACH50 requirement
(the unamended 2012 IECC would have required no more than 3 ACH50), which makes it
unsurprising that the numbers did not change dramatically over this period.

NIVIR
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Table 14: Total Duct Leakage and Air Infiltration

009 0
D eakage to e O de pe 00 sqQ A
n (homes tested) 22 36
Sampled homes 20.0 8.6
Unamended 2012 IECC:
. Leakage to outside: No requirement;
Code requirement Leakage to outside O 8 Tot al |l eakage
q Total leakage 012 Rl amendments:
Leakage to outside: No requirement;
Tot al |l eakage
A atlo A 0
n (homes tested) 38 39
Sampled homes 6.0 5.3
. . A Unamended 2012 IECC: O3
Code requirement Vi sual or (O RI amendments: Testing*

*Rl amendments to 2012 IECC relax the total duct leakage allowance to 8 CFM25 per 100 sq. ft. of conditioned
floor area and do not have an ACH50 requirement for air infiltration, only requiring testing.

Lighting

Table 15 illustrates a major increase in lighting efficiency. Only 8% of the 2011 baseline
homes met the 2009 IECC standard (50% of hard-wired fixtures with efficient lamps); in the
2017 study, 77% meet that threshold. The 2012 IECC standards are stricter i 75% of
fixtures must have efficient lamps, and over half (58%) of the 2017 baseline homes met that
threshold (only 5% would have in the 2011 sample). This is a huge improvement, though
the flip-side is that over 40% of the recently built homes do not meet the 2012 IECC lighting
requirement.

Table 15: Proportion of Hard Wired Sockets with Efficient Bulb Types

0[0}° 0
n (homes) 38 40
50% to 74% . )

(2009 IECC = 50%+) 3% 19%
75% to 100% ) )

(2012 IECC = 75%+) 5% 58%

2.2 COMPARISON TO THE 2015 BASELINE STUDY IN MASSACHUSETTS (2012
IECC)

2.2.1 Key Characteristics of the 2015 Massachusetts Study

0 On-sites were completed at 50 homes under the 2009 IECC code cycle, 50 homes
under the 2012 IECC, and 46 homes under the Stretch Code (146 total).
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0 Only the 2012 IECC homes are included in the comparison between
Massachusetts and Rhode Island baselines.
U The 2012 IECC homes included in the sample were completed between 2014 and
2016, with 80% built in 2015.
U There were 40 spec homes and 10 custom homes in the sample.
U Sites were recruited through homeowners, not builders.
U The sampling plan was slightly different (more complex) than the 2017 Rhode Island
baseline, based on the town-level cluster sampling.

2.2.2 Comparison Results

Conditioned floor Area (CFA)

Table 16 compares conditioned floor area (CFA) statistics for the Massachusetts 2012
IECC sample and the 2017 Rhode Island sample. Homes in the Massachusetts sample are

slightly larger on average than their Rhode Island counterparts, with an average of 2,564
sq. ft. of CFA compared to 2,339 sq. ft. in Rhode Island.

Table 16: Conditioned Floor Area (Sq. ft. of CFA)
2015 MA Baseline 2017 RI Baseline

(2012 IECC) (2012 IECC)
n (homes) 50 40
Minimum 1,040 1,115
Maximum 5,041 6,070
Average 2,546 2,339
Median 2,536 2,108

HERS Index Scores

The Massachusetts sample outperforms the Rhode Island sample on the HERS index, with
lower (better) scores for minimum, maximum, average and median values (Table 17).
Massachusetts 2012 IECC homes average a HERS Index score of 70, three points better
than the 73 in Rhode Island.

Table 17: HERS Index Scores

0 0
n (homes) 50 40
Minimum (best) 38 33
Maximum (worst) 90 100
Average 70 73
Median 70 72

Building Envelope

Table 18 compares the R-values of key shell measures between the Massachusetts and
Rhode Island samples. The Massachusetts sample has slightly higher average R-values for
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walls (R-20.6 vs. R-19.8). Flat ceilings in Rhode Island fall well below the Massachusetts
homes, R-36.1 (or R-37.4 if we exclude an unusual home in Rhode Island that had
uninsulated ceilings in a DIY bonus room) vs. R-42. Vaulted ceilings show mixed results:
Massachusetts has R-31 on average, while Rhode Island has R-29 (or R-32 if we exclude
the previously mentioned home with uninsulated ceiling area).

Framed floors in Massachusetts had a higher average R-value (R-31.5) than floors in
Rhode Island, which fall well below code at only R-20, on average. Several homes in the
Rhode Island sample had uninsulated framed floors over unconditioned basements, which
is the cause of the low average R-value.

Table 18: Wall, Ceiling, and Floor R -Values

2015 MA Baseline
(2012 IECC)

2017 RI Baseline
(2012 IECC)

Conditioned to Ambient Wall Insulation

Flat Ceiling Insulation

n (homes) 50 40
Average R-value 20.6 19.8
Prescriptive code requirement 20 or 13+5* 20 or 13+5*

Floor Insulation over Unconditioned Basements

n (homes) 48 32
Average flat ceiling R-value 42.4 36.1 (37.4 w/outlier)
Prescriptive code requirement 49 Unamended 2012 IE_CC: 49
Rl amendments: 38
Vaulted Ceiling Insulation
n (homes) 31 22
Average vaulted ceiling R-value 31.2 29.4 (32.3 w/out outlier)
Prescriptive code requirement 4O*** Unamended 2012 IECC: 49

Rl amendments: 38

n (homes) 44 22
Average R-value 31.8 20.0
Prescriptive code requirement 30** 30**

* First value is cavity insulation, second is continuous insulation or insulated siding, so "13+5" means R-13
cavity insulation plus R-5 continuous insulation or insulated siding.

** Or insulation sufficient to fill the framing

***Allows for up to 20% (capped at 500 sq. ft.) of ceiling to be as little as R-30.

Heating Equipment

Furnaces are the primary heating equipment in both the Massachusetts sample (90%) and
the Rhode Island (70%) sample. There is greater variety among the Rhode Island sample in
the equipment types present 1 there are ground source heat pumps and air source heat
pumps present, while the Massachusetts 2012 sample has no heat pumps providing
primary heat to homes. Furnaces in the Massachusetts sample average 94.2 AFUE, a
slightly higher average efficiency than systems in Rhode Island (92.8).
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Table 19: Heating System Type, Fuel, and Efficiency

2015 MA Baseline 2017 Rl Baseline
(2012 IECC) (2012 IECC)

Primary Heating Fuel

Propane 34% 45%
Natural gas 64% 42%
o]] 2% 6%
Electric -- 7%
Furnace 90% 70%
Boiler 8% 17%
Combi appliance 2% 6%
GSHP - 5%
ASHP - 2%
Overall AFUE (furnaces) 94.2 92.8

Cooling Equipment

In both samples, central air conditioners are the dominant cooling system type (Table 20).
Slightly fewer homes in Rhode Island had AC than in Massachusetts (8% lacked AC in
Rhode Island vs. 6% in Massachusetts). The average SEER of central air conditioners is
slightly higher in Rhode Island, and Rhode Island homes have slightly more cooling
capacity per square foot of conditioned floor area (CFA).

Table 20: Cooling Systems

0 0
pDe of P 0 A onaitio 0 alled
n (homes) 50 40
Central air conditioning 90% 83%
GSHP - 5%
ASHP 4% 3%
Window/portable -- 1%

No air conditioning

6%

8%

CAC SEER

n (CAC systems) 64 45
Average SEER 13.3 13.7
00 0 apa De 0 0 A
n (homes) 47 37
Btu/hr. per 100 sq. ft. CFA 17.9 20.2

Water Heating Equipment
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Conventional electric storage systems are the most common system type found in Rhode
Island, while natural gas storage systems were the most widespread in the Massachusetts
sample (Table 21). Efficient natural gas and propane instantaneous systems are more
common in the Massachusetts sample, making up a combined 28% of the equipment
observed during on-sites compared to 16% in Rhode Island. Natural gas and propane
commercial water heaters are absent from the Rhode Island sample but make up 12% of
equipment in the Massachusetts sample. Rhode Island has a slightly higher, but similar,
percentage of high efficiency heat pump water heaters (18% vs. 14% in Massachusetts).

Table 21: Water Heater Type and Fuel

0 0
n (water heaters) 51 43
Storage, standalone 38% 49%
Electric 10% 32%
Natural gas 22% 9%
Propane 6% 8%
Heat pump water heater (electric) 14% 18%
Instantaneous 28% 16%
Natural gas 20% 10%
Propane 8% 6%
Indirect w/ storage tank 4% 9%
oil -- 5%
Propane -- 3%
Natural gas 4% 1%
Combi appliance 2% 5%
Natural gas -- 4%
Propane 2% 1%
Commercial storage (electric) 2% 2%
Tankless coil (oil) 2% 1%
Commercial storage (natural gas) 10% --
Commercial storage (propane) 2% --

Table 22 compares Energy Factors for water heater types found in both the Massachusetts
and Rhode Island samples. Equipment types in Rhode Island are at least as efficient as
equipment in the Massachusetts sample across all types, and more efficient in most cases.
Heat pump water heaters show the greatest difference i heat pumps in the Rhode Island
sample have an average Energy Factor of 3.21 compared to 2.65 in Massachusetts.
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Table 22: Water Heater Energy Factors (System Types Found in Both Studies)

2015 MA Baseline 2017 RI Baseline
2012 IECC 2012 IECC

(water l?eaters) 25 (water rrlleaters) =5

Electric storage, standalone 5 .93 9 .95

Heat pump water heater 7 2.73 9 3.21

Natural gas and propane instantaneous 14 91 9 .93

Natural gas and propane storage, standalone 14 .66 5 .68
Natural gas and propane indirect w/ storage tank* 2 .87 4 .87
Combi appliances 3 94 2 .95

*Efficiency of indirect tanks based on boiler AFUE.

Duct Leakage and Air Infiltration

Average total duct leakage (TDL) in Massachusetts was 9 CFM25 per 100 sq. ft. CFA, less
than half (far more efficient) than that in Rhode Island (20.6) (Table 23). Duct leakage to
outside (LTO) in Massachusetts (3.9) was similarly less than half that of Rhode Island (8.6).
To put this difference in context, it should be noted that amendments to the 2012 IECC
code in Rhode Island relax the duct leakage requirement from 4 CFM25 of total leakage to
8 CFM25, meaning Massachusetts homes are held to much stricter duct leakage
requirements. Nevertheless, the average score in Rhode Island does not meet code in
Rhode Island, while the average score of the Massachusetts sample would meet the more
stringent non-amended 2012 IECC requirement of 4 CFM25 per 100 sq. ft. of CFA.

The Massachusetts sample also performs better in terms of average air infiltration, with an
average ACH50 of 3.6 compared to 5.3 in the Rhode Island sample. Here again it should
be noted that state amendments in Rhode Island do not require a minimum score for air
infiltration while Massachusetts holds their homes to the 2012 IECC requirement of 3
ACH50 or less, which likely explains the gap in scores.
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Table 23: Duct Leakage and Air Infiltration

0 0
D, eakage to e O de pe 00 sg A
n (homes tested) 98 36
Sampled homes 3.9 8.6
Code requirement No requirement No requirement
n (homes tested) 98 37
Sampled homes 9.0 20.6
Code requirement O 4 08*
n (homes tested) 98 39
Sampled homes 3.6 5.3
Code requirement 03 Testing*

*Rl amendments to 2012 IECC lower the total duct leakage requirement to 8 CFM25 per 100 sq. ft. of
conditioned floor area and do not have an ACH50 requirement for air infiltration, only requiring testing.

Lighting

Both samples of homes were built under the 2012 IECC requirement that 75% of hard-
wired fixtures use high efficacy lamps. As Table 24 shows, compliance among Rhode
Island homes is much higher than the Massachusetts sample T 58% of homes in Rhode
Island comply with the requirement compared to just 19% in the Massachusetts sample.

Table 24: Compliance with IECC Lighting Requiremen  t

0 A Baseline 017 Rl Baseline

0 0
n (homes) 50 40
Compliant o o
(75%+ hard-wired fixtures with efficient lamps) 19% 58%
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Section 3 Comparison to Program
Homes

This section describes the comparison for key measures between the
40 sampled non-program homes and a population of program homes
built during the study period. The average values from on-sites were
compared to the REM/Rate files of 171 program homes.*

Key findings include the following:

i Program homes have an average HERS Index score of 62.3, which is
significantly better (lower) than the average score for non-program homes
(72.5).

o For program and non-program homes, custom homes perform
significantly better than spec homes (non-program: 62.5 vs. 75.7,
program: 56.6 vs. 64.5).

0 The average HERS score of non-program custom homes (62.5) is
essentially equivalent to the overall program average (62.3).

U Program homes performed significantly better than non-program homes on
most analyzed measures.

o For the following measures, program homes outperformed non-
program homes, but the differences are not significant: wall R-value, R-
value of ducts other than attic supplies, cooling system SEER, and
total duct leakage.

0 Among analyzed measures, non-program homes outperform program
homes in only two categories:

A water heater Energy Factor (1.30 in non-program homes and
1.08 in program homes i a significant difference)

A average R-value in unconditioned foundation walls (not a

significant difference)

19 All non-program HERS models were created in REM/Rate version 14.6.4, the most up-to-date version of the
software that would have been used for homes built at this time. All program home energy models were re-run
in that same version of REM/Rate to ensure consistent comparisons. The Rhode Island RNC program provided
evaluators with REM/Rate files for program homes built within the same time frame as the homes included in
the on-site inspections.
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3.1 HERS INDEX SCORE COMPARISON

Table 25 shows Home Energy Rating System (HERS) Index scores for program and non-
program homes broken down by home type. A score on the HERS Index is a rating of a
homeds effitiencydgsed on its energy attributes.?® The HERS Index scores for non-
program homes were modeled using data from on-site inspections conducted by NMR
between March and May 2017. The HERS Index scores for program homes were modeled
using data submitted to the program by HERS raters who were contracted by builders or
homeowners as part of the program application process.

The per-home average HERS Index score is 72.5 for non-program sampled homes.?
Program homes have significantly lower (better) HERS Index scores than non-program
homes, with an average of 62.3. Additionally, custom homes 1 both in the program and
non-program home groups i have significantly lower HERS Index scores than spec homes
(62.5 vs 75.7 in the non-program home sample, and 56.6 vs. 64.5 in the program home
population).

Table 25: HERS Index Scores

Non-program Homes Program Homes

All Homes All Homes

Custom  Spec Custom  Spec

(Weighted) (Unweighted)
n (homes) 21 19 40 36 135 171
Minimum (Best) 33 56 33 8 45 8
Maximum 91 100 100 101 103 103
Average | 62.5° 75.7% 72.5° 56.6° 64.5° 62.3"
Median 62 76 72 56 63 61

aPC gignificantly different at the 90% confidence level.

Figure 4 displays the HERS Index scores for program homes in the first graph, followed by
sampled non-program homes in the second. The wider variance among program homes
stands out, especially at the lower (better) end of the HERS index. Aside from the cluster of
custom program homes sitting below a HERS 40, the distribution of program and non-
program homes follows a similar pattern.

AHERSIndexscore is a standardized a-sfficierxysperormancedésedaontheo me 6 s ener g
homeds const r uecusingequipraentdRESNEE oveyrsees the process of scoring homes using the
HERS i ndex. R E $tek i$ @ widelidddép@d rating system used across the United States with
standardized procedures, evaluator certification, and quality control infrastructure. A score of 100 means the
home is as efficient as the RESNET defined reference home, which is based on the 2006 IECC. A score of zero
signifies that a home uses no more energy than it produces on site with renewable sources and a score of less
than zero signifies that home produces more renewable energy on site than it consumes.

% The 72.5 is based on an average of 40 homes. This includes one home for which diagnostic testing (air
leakage and duct leakage) was not performed due to a wood burning stove creating a fire hazard during the
audit. To calculate a HERS Index score, the ACH 50 and duct leakage to outside were assumed to be equal to
the average of the other 39 homes. If this home were excluded from analysis, the weighted average HERS
Index score of the 39 homes would be 72.6 and the average of custom 20 custom homes remains 62.5.
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Figure 4: Program and Non -program HERS Index Score s
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Comparison of Key Measures

Table 26 compares the efficiency characteristics of program and non-program homes using
various measures, such as building envelope R-values and U-factors, air leakage, and duct
leakage. R-values refer to nominal insulation values; U-factors refer to REM/Rate
calculated data, which factor in additional features such as insulation grade and framing.
Program homes performed significantly better than non-program in the following measures:

U Flat ceiling R-value and U-factor

Vaulted ceiling R-value and U-factor

Frame floor R-value and U-factor

Conditioned basement foundation wall R-value

Attic duct supply R-value

Per home average duct leakage to outside per 100 sq. ft. of conditioned floor area
Per home average ACH50

(il e el e A e R o]

In Table 26, the differences between the overall program and non-program samples are
tested for statistical significance. Results for significance testing between the custom and
spec samples in the non-program data collected during on-sites can be found in the
respective report sections for each measure. Cells shaded in green reflect the most efficient
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value between program and non-program homes. This means for measures where the
program homes fare better the program home cell is green, and vice-versa.

Table 26: Comparison Between Program and Non

Non-program Homes

-Program Homes
Program Homes

All Homes All Homes
Custom Spec (Weighted) Custom Spec (Unweighted)
n (homes) 21 19 40 36 135 171
Above grade wall*: 20.6 19.7 19.9 22.0 19.9 20.4
Average R-value | (n=21) | (n=19) (n=40) (n=36) (n=135) (n=171)
Above grade wall*: 0.060 0.065 0.064 0.056 0.063 0.062
Average U-value | (n=21) (n=19 (n=40) (n=36) (n=135) (n=171)
Flat ceiling®: 38.9 32.3 33.4* 43.5 37.5 38.6*
Average R-value | (n=13) | (n=19) (n=32) (n=25) (n=116) (n=141)
Flat ceiling®: 0.039 0.056 0.054* 0.028 0.033 0.032*
Average U-value | (n=13) (n=19) (n=32) (n=25) (n=116) (n=141)
Vaulted ceiling: 36.8 23.7 29.4* 37.1 37.9 37.7*
Average R-value | (n=16) (n=6) (n=22) (n=19) (n=82) (n=101)
Vaulted ceiling: 0.032 0.085 0.062* 0.031 0.030 0.030*
Average U-value | (n=16) (n=6) (n=22) (n=19) (n=82) (n=101)
Frame floor over
unconditioned basement: 22_'5 1?5 29'6* 2?'5 2?'7 2?'6*
Average R-value (n=8) (n=14) (n=22) (n=21) (n=97) (n=118)
uncon ditizﬁ‘e”;ebgzgmc’gnetf 0.121 | 0.132 0.131* 0.038 0.41 0.041*
Average U-value (n=8) (n=14) (n=22) (n=21) (n=97) (n=118)
Conditioned basement | g g 6.6 7.9% 18.3 18.4 18.4*
Average R-value (n=8) (n=4) (n=12) (n=7) (n=11) (n=18)
Unconditioned basemertt | .4 0.8 0.8 15 0.0 03
Average R-value (n=8) (n=14) (n=22) (n=20) (n=97) (n=117)
Attic duct supply: 7.5 7.3 7.3* 8.0 8.0 8.0*
Average R-value (n=7) (n=13) (n=20) (n=11) (n=65) (n=76)
All other ducts: 7.0 6.2 6.3 6.7 6.5 6.5
Average R-value | (n=13) (n=16) (n=29) (n=19) (n=98) (n=117)
Duct leakage to outside: 5.13 9.94 8.77* 4.18 478 4.65*
Average CFM25/100 sq. ft. CFA | (n=19) (n=17) (n=36) (n=29) (n=99) (n=128)
Total duct leakage: 22.6 19.9 20.6 18.7 18.1 18.3
Average CFM25/100 sqg. ft. CFA | (n=20) (n=17) (n=37) (n=29) (n=99) (n=128)
Air infiltration: 4.29 5.53 5.24* 3.01 4.45 4.14*
Average ACH50 | (n=20) (n=19) (n=39) (n=36) (n=135) (n=171)
Fossil-fuel Heating System AFUE 93.0 92.4 92.5* 92.8 95.2 94.7*
(systems with AFUE ratings) | (n=16) (n=23) (n=39) (n=92.8) (n=128) (n=164)
Cooling System SEER 14.6 13.5 14.1 14.8 14.0 14.2
(systems with SEER ratings) | (n=30) (n=22) (n=52) (n=33) (n=82) (n=115)
Water Heater EF 1.43 1.25 1.30* 1.21 1.06 1.08*
(systems with EF ratings) | (n=24) n=19) (n=43) (n=36) (n=135) (n=171)
Per-home efficient lamp saturation 3% 64% 669" 81% 84% sl
(n=21) (n=19) (n=40) (n=36) (n=135) (n=171)

* Significantly different at the 90% confidence interval.
! Conditioned to ambient walls only.
2 Includes hatches since REM/Rate does not distinguish between flat ceilings and hatches.
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Section 4 General Characteristics

This section presents the general characteristics of the sampled
homes included in the baseline, including home size, home type, year
built, HERS Index scores, thermostat set points, water fixture flow
rates, home automation systems, and pools.

Key findings include the following:

U The average HERS Index score of the sampled homes is 73.

U The average home size is 2,339 square feet. Custom homes have an average
CFA of 3,099 square feet, significantly larger than spec homes (2,097 square
feet).

U Programmable thermostats are the most common thermostat type in both
custom and spec homes. They make up 83% of thermostats, and are found in
79% of homes. Only 13% of thermostats are manual units, and a very small
share, only 4%, are Wi-Fi units. Thermostats in custom homes have higher
summer set points (73°F) than spec homes (70°F) in this sample.

U Ninety-seven percent of all sinks are equipped with a faucet aerator. All
kitchen sinks have faucet aerators.

4.1 GENERAL CHARACTERISTICS OF INSPECTED HOMES

The 40 inspected homes include single-family attached and detached custom and spec
homes. All inspected homes were built between 2015 and 2017 and have between two and
five bedrooms, with a median of three bedrooms. There are no statistically significant
differences between custom and spec homes in terms of their number of bedrooms or the
year built. Figure 5 shows examples of the different sizes of inspected homes.

Figure 5: Examples of Inspected Homes

As shown in Table 27, the majority of inspected homes (96%) are detached single-family
homes. All custom homes are single-family detached homes, while 95% of spec homes are
detached and 5% are attached.
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Table 27: House Type

A\ O a
O - pE O peE
el] 10
n (homes) 24 46 70
Detached Single 100% 95% 96%
Attached - 5% 4%

No statistically significant differences at the 90% confidence level.

Inspected homes range in size from 1,115 to 6,070 square feet of conditioned floor area
(CFA) with an overall average of 2,339 square feet. CFA includes all finished and/or fully
conditioned spaces on all floors of a home. As shown in Table 28, custom homes are larger
than spec homes by about 1,000 square feet of CFA on average, a statistically significant
difference. Custom homes have an average CFA of 3,099 square feet, whereas spec
homes have an average CFA of 2,097 square feet.

Table 28: Conditioned Floor Area (CFA)

A gquare fee 0 pe A ome
n (homes) 21 19 40
Minimum 1,300 1,115 1,115
Maximum 6,070 3,535 6,070
Average 3,099* 2,097* 2,339

Median 3,048 2,053 2,108

*Statistically significant at the 90% confidence level.

Figure 6 displays the distribution of home sizes in CFA for the 40 sampled homes.

Figure 6: Conditioned Floor Area (CFA) per Home
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4.2 HERS INDEX SCORES

Table 29 and Figure 7 show Home Energy Rating System (HERS) Index scores for the
sampled homes. A lower HERS Index score represents a more efficient home.? The
average HERS Index score is 72.5. On average, the custom homes have significantly better
HERS Index scores than spec homes: 62 vs. 76, respectively. The best (lowest) HERS
Index score is 33 (a custom home) and the worst (highest) is 100 (a spec home). The worst
score (100) is comparable to a home built to the requirements of the 2006 IECC, two code
versions behind the applicable code in Rhode Island for sampled homes (the 2012 IECC).

Since the RNC program does not claim savings from solar PV, analysis of HERS Index
scores with solar PV removed from homes is also included. Two homes had solar PV.
While removing PV from those homes alters their HERS Index scores individually quite
drastically, the over average HERS Index score only increases by 0.7 to 73.2.

Table 29: HERS Index Score Statistics

A O a
A ome ding
0 PE elgnhtea olar P

10 20
n (homes) 21 19 40 40
Minimum (best) 33 56 33 45
Maximum (worst) 91 100 100 100
Average 62.5* 75.7* 72.5 73.2
Median 62 76 71 72

2 AHERS Indexscorei s a standardized asse sficmecy gerfoorfancabadedanthé s ener gy
homeds constr uecusingequipraentdRESNEE oversees the process of scoring homes using the

HERS index RESNETO6s HERS i natlepted rating sgsterw usedeadrass the United States with

standardized procedures, evaluator certification, and quality control infrastructure. A score of 100 means the

home is as efficient as the RESNET defined reference home, which is based on the 2006 IECC. A score of zero

signifies that a home uses no more energy than it produces on site with renewable sources, and a score of less

than zero signifies that home produces more renewable energy on site than it consumes.
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Figure 7: Sampled Home HERS Index Score Distribution
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4.3 FAUCET AND SHOWER HEAD FLow RATES

As shown in Table 30, the average flow rate is 1.5 gallons per minute (GPM) for bathroom
sinks, 1.8 GPM for kitchen sinks, 2.0 GPM for utility sinks, and 2.4 GPM for shower heads.
These values include only those faucets with labeled flow rates.? For reference, the
maximum allowable flow rate under federal law is 2.2 GPM for bathroom sinks and 2.5
GPM for shower heads.?* There are no significant differences in flow rates for faucets and
shower heads between custom and spec homes.

% The actual average flow rate for utility sinks could be higher, as these averages only included rated faucets
and some utility sinks did not have published flow rates.
24 http://www.allianceforwaterefficiency.org/uploadedFiles/US-Water-Product-Standards-Matrix_2016-11-07.pdf
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Table 30: Faucet and Showerhead Flow Rates (GPM)

A O o
O pe
10 0
Ba 00

n (faucets) 74 58 132
Minimum 1.2 1.2 1.2
Maximum 2.2 2.2 2.2
Average 15 15 15
Median 15 15 15

n (faucets) 22 12 34
Minimum 1.8 15 15
Maximum 2.5 2.2 2.5
Average 1.9 1.8 1.8
Median 1.8 1.8 1.8

n (faucets) 6* 1* 7
Minimum 1.8 2.2 1.8
Maximum 2.2 2.2 2.2
Average 1.9 2.2 2.0
Median 1.8 2.2 2.0

O e eal

n (showerheads) 52 35 87
Minimum 2.0 2.0 2.0
Maximum 2.5 2.5 2.5
Average 2.4 2.4 24
Median 2.5 2.5 2.5

No statistically significant differences at the 90% confidence level.
Fixtures with unknown flow rates are excluded from these results.
*Not tested for statistical significance.

Faucet aerators are nearly ubiquitous; all inspected homes have at least one aerator (Table
31). Ninety-seven percent of all faucets have aerators installed, reducing their flow rates. All
the kitchen sinks have aerators, almost all the bathroom sinks have aerators (96%), and
most (80%) of the utility sinks have aerators. There are no significant differences between
custom and spec houses in terms of the frequency of aerators.
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A

el] 10
n (faucets) 120 80 200
All sinks (n=200) 96% 98% 97%
Kitchen sinks (n=42) 100% 100% 100%
Bathroom sinks (n=150) 95% 97% 96%
Utility sinks (n=8) 86% 100% 80%

No statistically significant differences at the 90% confidence level.

4.4 THERMOSTATS

Thermostat types and set points were recorded for the 40 sampled homes. Thermostats fell
into one of three categories: manual, programmable, or Wi-Fi enabled ( i nc |l udi ng
thermostats).?

ismart

Table 32 shows that the distribution of thermostat types is similar across custom and spec

homes. Programmable thermostats were the most common (83%), followed by manual
units (13%), and Wi-Fi units (4%).

Table 32: Distribution of Thermostats

< O a pe O pe
10 20
n (thermostats) 44 35 79
Programmable 89% 80% 83%
Manual 11% 14% 13%
Wi-Fi - 6% 4%

No statistically significant differences at the 90% confidence level.

Programmable thermostats are common in homes. Table 33 shows that most inspected
homes (79%) had at least one programmable thermostat, while only 16% had at least one
manual thermostat, and only 5% had at least one Wi-Fi enabled thermostat. Custom and
spec homes have similar types of thermostats.

%5 Wi-Fi thermostats include any thermostats that can be controlled remotely (e.g., from smart phones) and/or
have smart learning capabilities (such as the Nest thermostat).
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Table 33: Penetration of Thermostat Types

A\ O a
< O a pE O pEe
el] 10
n (homes) 21 19 40
Programmable 90% 79% 79%
Manual 14% 16% 16%
Wi-Fi - 5% 5%

No statistically significant differences at the 90% confidence level.
Percentages sum to more than 100% because some homes have more than one
thermostat.

Participants were asked what temperature setpoints they use in the summer and winter,
and auditors performed visual inspections to confirm. Summer set points were observed
less often than winter set points because some homes did not have air conditioning and
because some homeowners had either not yet used their air conditioning or had not yet
programmed their thermostats for the summer season.

Custom homes have an average summer set point of 73.3°F, significantly warmer than that
of spec homes, 70°F (Table 34). Average set points were calculated for summer and winter
hours.?® The average set point values across the 24-hour period are presented here.
Average summer and winter set points are shown instead of day vs. night set points
because some homeowners use their systems more heavily during the day, and some use
them more heavily in the evening or at night.

Table 34: Combined Average Set Points (°F)
(Base: All Thermostats)

A\ O a
O pe
elghted
n (set points) 86 88 61 70 147 158
Minimum 67 60 65 50 66 63
Maximum 80 75.5 76 74 78 74.8
Average 73.3* 66.8 70* 66.5 71 67
Median 74 67 70 67 71 67

* Statistically significant at the 90% confidence level.

% Day and night set points were determined by reviewing the programmed set points for programmable and
Wi-Fi enabled thermostats and by asking occupants for manual thermostats. There is no differentiation between
occupied and unoccupied daytime set points.
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